Knowledge of planetary differentiation is crucial for understanding the chemical and thermal evolution of terrestrial planets. The 176 Hf radioactive decay system has been widely used to constrain the timescales and mechanisms of silicate differentiation on Earth, but the data interpretation requires accurate estimation of Hf isotope evolution of the bulk Earth. Because both Lu and Hf are refractory lithophile elements, the isotope evolution can be potentially extrapolated from the present-day 176 Hf radioactive decay system is a powerful tool to study planetary silicate differentiation and offers a unique means of examining the origin of the Earth's earliest crust (1-12). To allow for the correct interpretation of Lu−Hf data, however, the Hf isotope growth curve of the bulk Earth must be firmly established. On the basis of the refractory lithophile nature of both Lu and Hf, the Lu−Hf isotope composition of chondrites has been proposed as a reference for the composition of the bulk Earth and its silicate portion (13-15). However, the present-day 176
Hf radioactive decay system has been widely used to constrain the timescales and mechanisms of silicate differentiation on Earth, but the data interpretation requires accurate estimation of Hf isotope evolution of the bulk Earth. Because both Lu and Hf are refractory lithophile elements, the isotope evolution can be potentially extrapolated from the present-day 176 Hf/ 177 Hf and 176 Lu/
177
Hf in undifferentiated chondrite meteorites. However, these ratios in chondrites are highly variable due to the metamorphic redistribution of Lu and Hf, making it difficult to ascertain the correct reference values for the bulk Earth. In addition, it has been proposed that chondrites contain excess 176 Hf due to the accelerated decay of 176 Lu resulting from photoexcitation to a short-lived isomer. If so, the paradigm of a chondritic Earth would be invalid for the Lu−Hf system. Herein we report the first, to our knowledge, high-precision Lu−Hf isotope analysis of meteorite crystalline zircon, a mineral that is resistant to metamorphism and has low Lu/Hf. We use the meteorite zircon data to define the Solar System initial T   he 176 Hf radioactive decay system is a powerful tool to study planetary silicate differentiation and offers a unique means of examining the origin of the Earth's earliest crust (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . To allow for the correct interpretation of Lu−Hf data, however, the Hf isotope growth curve of the bulk Earth must be firmly established. On the basis of the refractory lithophile nature of both Lu and Hf, the Lu−Hf isotope composition of chondrites has been proposed as a reference for the composition of the bulk Earth and its silicate portion (13) (14) (15) Hf value at the formation of the Solar System [4,567.30 ± 0.16 million years (My) ago (20, 21) ] would be between 0.279794 and 0.279820 (Fig. 1) . However, the Lu−Hf internal isochron for the angrite SAH99555 (22) Hf excesses in the meteorites (24, 25) . The implication of this proposal is that the assumption of a chondritic Earth cannot be made for the Lu−Hf system, because the planetesimals that accreted to form the Earth are thought to have been composed predominantly of nonirradiated materials (22) . This interpretation is, however, inconsistent with the results of Lu isotope studies (26, 27) Hf must be defined using a more robust approach.
Here we use meteorite zircon to determine the Solar System initial 176 Hf/ 177 Hf value and, in turn, to better define the Hf isotope evolution of the CHUR and Earth. Zircon typically
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contains ∼1 wt% Hf, and its Lu/Hf is sufficiently low as to make in situ radiogenic growth of 176 Hf insignificant. The crystallization age of zircon can be precisely determined by U−Pb dating. Furthermore, zircon is extremely resistant to secondary Lu−Hf disturbance and, even if such disturbance had taken place, it can be monitored by U−Pb systematics (e.g., refs. 2 and 10). Thus, meteorite zircon would provide the most direct and robust Hf isotope record of the early Solar System (1). Despite this promise, the rarity and typically very small size (<20 μm) of meteorite zircon have hampered its use in Lu−Hf studies. Recently, we found exceptionally coarse zircon grains (∼80 μm) in the basaltic eucrite Agoult (28) (Fig. 2 ). These grains, in concert with high-sensitivity multiple collector inductively coupled plasma mass spectrometry, enabled us to perform, to our knowledge, the first high-precision Lu−Hf isotope analysis of meteorite zircon.
Determining the Initial 176 Hf Abundance of the Solar System
Basaltic eucrites represent crust that crystallized near the surface of a planetesimal and subsequently underwent metamorphic and impact events. Agoult is a highly metamorphosed basaltic eucrite, composed primarily of pyroxene and plagioclase with minor amounts of ilmenite, tridymite, troilite, spinel, Ca-phosphate, zircon, and baddeleyite (28, 29) . Zircon (ZrSiO 4 ) is typically associated with ilmenite and tridymite (SiO 2 ) (Fig. 2) , whereas ilmenite often contains exsolved needles of baddeleyite (ZrO 2 ). The application of the Ti-in-zircon thermometer showed that the zircon grains crystallized at subsolidus temperatures of ∼900°C (28). These observations indicate that the Agoult zircon formed by baddeleyite exsolution from ilmenite followed by reaction with the surrounding silica during high-temperature metamorphism. The zircon crystallization age was determined by the U−Pb method to be 4,554.5 ± 2.0 My (28), later by ∼10 My than the igneous crystallization age of the basaltic eucrites (30) . We analyzed the Lu−Hf isotope compositions of eight Agoult zircon grains having concordant U−Pb systems. All analyses yielded consistent present-day 176 Hf/
177
Hf with a mean of 0.279796 ± 0.000016 (2 SD) ( Table 1 and Table S1 Hf of 0.27966 ± 0.00002 inferred from the eucrite whole-rock "errorchron" (i.e., the regression line with the scatter of the data more than expected from analytical uncertainties) (34) Hf of 0.279781 ± 0.000018 (2 SD) represents the best Solar System initial (BSSI) value.
Lu−Hf Isotope Evolution of Chondrites
The BSSI is distinctly higher than the initial 176 Hf/ 177 Hf defined by the meteorite internal and whole-rock isochrons, which yield apparent old dates (22, 23) (Fig. 1) . At the same time, the BSSI overlaps, within the uncertainty, with the initial value calculated from the most precise Lu−Hf CHUR parameters, which are based on analyses of unequilibrated chondrites (ref. 15 Hf, that is, 0.282793 ± 0.000011 and 0.0338 ± 0.0001 (2 SE, n = 14 after rejection of one outlier). We consider that these values represent the chondrites with the most well-preserved Lu−Hf systems and, therefore, are best suited to serve as CHUR references (Fig. 1) . Hf, which were determined by isotope dilution (14, 15) (Table S3) . (Fig. 4) . The terrestrial zircon record has been interpreted to reflect that the protoliths to magmas from which the most ancient zircons crystallized were chemically enriched and were extracted from the undifferentiated primitive mantle more than 4.5 Gy ago. However, this interpretation strongly depends on the bulk Earth composition. For instance, if the Earth has a chondritic Lu/Hf but its Hf of the Solar System and Earth provides strong evidence that the terrestrial zircon record reflects the development of an enriched silicate reservoir as early as 4.5 Gy ago (Fig. 4 ). This conclusion holds even if the Earth has a superchondritic Lu/Hf as well as Sm/Nd due to the preferential loss of more incompatible elements during Earth accretion (36) (37) (38) .
Lu−Hf Isotope Evolution and Early Differentiation of Earth

Materials and Methods
Zircon Lu−Hf Isotopes. Eight zircon grains were extracted from five thin sections of the eucrite Agoult. All eight zircon grains displayed no zoning structure with back-scattered electron and cathodoluminescence imaging (28) . The grains were cleaned with 2 N HNO 3 and decomposed by concentrated HF + HNO 3 at 220°C. Subsequently, the decomposed samples were evaporated and dissolved in 6 N HCl at 180°C, followed by further evaporation and redissolution in 2.5 N HCl. Then, each dissolved grain was divided into two aliquots for determinations of Hf isotope ratios (ca. 90%) and 176 Lu/ 177 Hf (ca. 10%), respectively. The sample aliquots for Hf isotope ratio measurements were processed for chemical separation with a two-step ion exchange procedure (Table S4 ). The first separation step, designed for U−Pb dating, used 0.05 mL of Eichrom anion exchange resin AG1-X8 with 200-400 mesh, in which matrix elements including Hf were eluted in 2.5 N HCl followed by elution of Pb and U in 0.5 N HNO 3 . Hafnium and Zr were purified in the second step using 0.1 mL of Eichrom Ln-spec resin (100-150 μm), where Zr was eluted with 6 N HCl + 0. The Hf isotope analyses were performed on a Neptune Plus multicollector inductively coupled plasma mass spectrometer (Thermo Fisher Scientific) attached to an Aridus II desolvating nebulizer (Cetac Technologies) at The University of Tokyo. The instrumental sensitivity was enhanced by installing a high-efficiency vacuum interface rotary pump (TRIVAC D 65B, Oerlikon Leybold Vacuum) and by using high-transmission Jet sample and X-skimmer cones. The achieved sensitivity was 3,500-4,000 V/ppm for Hf at a sample uptake rate of ∼150 μL/min. Hf measurements were carried out on the Neptune Plus under wet plasma conditions using a Scott-type spray chamber. Data were acquired with dynamic mode on the secondary electron multiplier over 10 cycles using the integration time of 8.4 
